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Webinar Outline

GaN RF Devices — Market Trends, Technology, Applications, Challenges

GaN model survey

Core model descriptions:
Angelov-GaN, MVSG, ASM-HEMT and DynaFET models

Model parameter extraction

Using large signal measurements for more accurate parameter determination.
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GaN Power RF - 5Y Overview v

2017

* RF GaN market to grow from $380M to $1.3B, 23% CAGR
» Market share: from 20% today to 50% by 2023

* From IDM to Fabless/Foundry model

Military
38%

Military
34%

*Qthers: satellite communication, cable TV...

I

2017 Source: “RF Power Market and Technologies
Control of process + Manufacturing yield Technology mature + Production capacity 2017: GaN, GaAs and LDMOS” -www.i-
-> IDM majority -> Foundry increase micronews_com

KEYSIGHT RF GaN Modeling Webinar 4

TECHNOLOGIES



KEYSIGHT

TECHNOLOGIES

Properties (at 300 K) Units Si GaAs 4H-SIC GaN
Bandgap Eg eV 1.12 1.42 3.26 3.425
Breakdown electric field Ec MV/cm 0.3 0.4 3 3.3
Intrinsic carrier concentration ni cm-3 9.6 x 10° 1.5 x 106 8.2 x 109 1.9 x 10-10
e e e
Electron mobility p cm?/V/s 1288 E:?]L\J/I)k ) 8500 1000 zi)%%o(ébDuélg)
| Saturation velocity vsat x107 cm/s 1 2.5 2 2.2 p
Relative permittivity er 11.8 13.1 10 9
?Thermal conductivity A W*K/cm 1.5 0.43 4.9 1.3 )
!\r/lrig)r(num working temperature °C 150 260 300

GaN Material Properties




GaN RF Power Applications

High Electron Mobility Transistor (HEMT)

Switching Speed

Electron
saturation
velocity 1/Ron
[GaAs-HEMT
Electron mobility GaN-HEMT]
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GaN HEMT Devices

- Difference between Al,Ga, ,N and GaN - quantum well at the heterojunction interface -
spontaneous polarization (Pgp) creates 2 Dimensional Electron Gas (2-DEG)
a sheet charge at the interface. « very high mobility

: . .  Low resistance
 Difference in lattice constants leads to

mechanical strain and piezoelectric
effect (Ppg)

AGa,N P

Al,Ga; N Pspl Peel Negative 2DEG
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What's the Hold Up? Cost.

1. Silicon — gigantic history

2. High power applications:

- LDMOS RF devices continue to improve

- GaN iIs a competitor

3. Low power, low cost applications:

- CMOS continues to rule.

GaN on Silicon on the horizon for lower power

applications

KEYSIGHT
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RF power device market, in value - Breakdown by technology

Only considering RF power semiconductors above 3W, excluding such applications as mobile PAs
(Source: RF power market and technologies 2017: GaN, GaAs and LDMOS report, July 2017, Yole Développement)

LDMOS

Multiple 3 GHz  Few

0 competing _‘_:—' competing
fechhobgies E Techno|ogie5
1000 — .
. SiC MESFET
-3 GaAs HBT
E ]'D = [
3
&
1= GaAs HEMT
0.1 T I I
1 10 100
Frequency (GHz)



GaN HEMT Devices

High mobility > RF applications Typical structure of RF/Microwave GaN on Si HEMT

: Field Plate
« SIC substrate to reduce substrate loss and keep S
device cool.
High breakdown - Power electronics applications f
« P-GaN or cascode structure to get normally OFF /
- Field plates for increase breakdown voltage 2DEG Can
Buffer
SiC for RF< Highly resistive Si

Tetsuzo Ueda et al., Japanese Journal of applied Physics, 2014
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Gallium-Nitride devices, technology and business drivers

Survey of GaN Models

Core model descriptions:
Angelov-GaN, MVSG, ASM-HEMT and DynaFET models

Model parameter extraction

Using large signal measurements for more accurate parameter determination.
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Modeling Challenges: Trapping and Current Collapse

Need Trap MOdeIS . Average Output Current Under Opt I';
—-- Model without trapping effects f
Surface Trapping 530/ W™ Measured Data h

—— Model with trapping effects ’,

AlGaN 210 -

200

Id {mA)

190 -

180 -

Current collapse <

170 -

16{} T T T T
-10 -5 0 3 10 15 20 25

Input Power (dBm)

Jardel, et al - "An Electrothermal Model for AlIGaN/GaN Power HEMTs
Agnihotri et al, INDICON 2015 Including Trapping Effects to Improve Large-Signal Simulation Results on
High VSWR", MTT, Dec 2007
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Drain Lag

160
140
120
100
80
60
40

20

But:
e Which I-V curves to use?

Pulsed IV measurements

Id (MA)

- “knee walkout”

6
vds (V) [-0.8, 6]

® Quiescent Bias Point

 How to relate PIV curves to model coupling terms (trapping model)?
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Available GaN Models

Model Institute/Company Authors Year  Notes
EEHEMT Agilent/Keysight Eric Arnold 1998 empirical model, based evolution of EEFET model
: "A new empirical nonlinear model for HEMT and
Angelov Chalmers Univ lltcho Angelov 1992 MESEET devices"
Angelov-GaN  Chalmers Univ lltcho Angelov 2008 extension of Angelov Model for GaN
DynaFET Agilent/Keysight Jianjun Xu, David Root et al. 2014  Uses data to train artificial neural network (ANN)
S Khandelwal and Y
ASM-HEMT Berkeley Chauhan 2015  physics based surface potential model
MVSG MIT Ujwal Radhakrishna 2013  physics based virtual source model
20 VR
EEHEMT
~ DynaFET  Most accurate model
EEHEMT EEHEMT EEHEMT
Derivative 1 Derivative 2 Derivative 3
N— N N
4 )
Loy VR
Angelov-GaN MVSG
~ N ‘ Accepted by Compact Model
A 7 L TN Coalition (CMC) in 2017
Chalmers Chalmers Chalmers _
Derivative 1 Derivative 2 Derivative 3 ASM HEMT
P — N . S )

KEYSIGHT
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GaN Compact Model Comparison

Empirical Physics-based ANN-based
Models Angelov-GaN, ASM-HEMT DynaFET
EEHEMT MVSG
CMC Standard v
Scalable, W/L/NF v * v v *
Early availability during process development v v
Does not require process info v * v
Simple extraction flow v
Good DC/S-par fit v v v
Large signal across different bias v v
Simulation robustness v v

* limited
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Gallium-Nitride devices, technology and business drivers

GaN model survey

Core model descriptions:
Angelov-GaN, MVSG, ASM-HEMT and DynaFET models

Model parameter extraction

Using large signal measurements for more accurate parameter determination.
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Model Overview

S

A

Al,0, (10 nm
Fleld plates 9 ( \ HEMT n* InGaN Plhsma oxide
Substrateloss~>| | 1 e
Core RF-GaN
Short Channel Effects = D _ HEMT
Source access |ntrinsic -
Mobility degradation - rain region Y Dra:g ail(c):ﬁess
| Current ——\ ~
Electrostatics = TV V ‘r
MOdeI .18 8 .18
Temp dependence/Self-heating = = ==d==:
Bias dep access region =
" N Y o A e
S DD transport \_ ! % bp transportVD

KEYSIGHT Source: Dr Ujwal Radhakrishna, MIT
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Angelov GaN Model

Al

’(':gdpe
T VW—— lgd A (S
OO A Rgd L, 3 | Rd Ld Drain
Gate Rg Lg Coa @ 1ds 4 crf
_\_@_
Updated to include better fits on harmonics, frequency Igs | = Cds
dispersion, capacitance, etc. o } Re
—
Strengths:
« Simple extraction method ‘ﬁérﬁn R
* Industry workhorse for 10+ years. Rs
Ls
Limitations:
« Extracted from S-pars = might not work well for large signal Source

« Workaround - adapt model card for target bias point
lys = Ipk(1+tanh(y))(1+IVdS)tanh(ans)

y-= Pl(vgs B Vpk) + PZ(Vgs s Vpk)2 oy PB(Vgs i Vpk)3

KEYSIGHT

TECHNOLOGIES



MIT Virtual Source GaN (MVSG) Model

VS pojnt ?

I'effl I L

2DEG N

f
Qinv,s Qinv,d

2DEG

<

(Qinv,s Qinv,d)/ CgVDSAT

F =

Vsat

(1+((Qinv,s - Qinv,d) / CgVDSAT)b)llb

J

(VG — FoadVsi _(VT*_a¢th, )
Qivs = Cy2nd, In| 1+exp = I2”¢t >
Vs —F Mo |-V —agF, )
. =C 2n In 1+e G satd" Di T t' f,d
anv,d g ¢t Xp 2n¢t
KEYSIGHT Source: Dr Ujwal Radhakrishna, MIT
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|

| D/ W= Ql(XO)VXO

Vs Ve Vb

l |
e J |\
Q) R,
Vxa,

Ec_/.\

X
0XO Leﬁ
Source and drain
end charge

Saturation velocity 4

.
inv,s +Q inv,d [
o W Vea ==

Function for transition from
non-velocity-saturation to vel sat



ASM-HEMT Model

SOURCE Lg DRAIN

CONTACT - > CONTACT
v = Surface potential along the 2DEG i i
Solve for y and charge on the channel i n-AlGaN j
nt ‘ I ntd
Derive unified expression for 1d(Vgs, Vds) y UID - AIGaN i
> X7
Velocit Short So:mﬂd/ GaN ™ Dinen
Saturati?)/n Channel o e
Effects
2DEG Fermi Surface Channel Self-Heating
Char Level Potential Length Effects
1ge cve Oi a Modulation
. Herr w s +Pq
[Capamtance] I; = ¢ : TCng [Vgo - ( - > + Vi | W45
1+ Ouac Ve

Dasgupta, Ghosh, Chauhan and Khandelwal, “ASM-HEMT: Compact model for GaN HEMTs”, IEEE International
Conference on Electron Devices and Solid-State Circuits (EDSSC), June 2015
KEYSIGHT
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The DynaFET Model

oMV Voo, Ti 1 61, ) Ge 0
0. T 9

|(t)V(t)<b = %{h Thermal Model

TO
Rl_emit RZ_emit
w W
VGS._ 1¢1 VDS._ |
Vo VT, o el e
Artificial Neural Network <+  Trapping
Model

KEYSIGHT
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Active Source Injection Setup

g o
] 5Ll ceee
Synchronized g% -CEf
Bias Supplies 2 88 B
Keysight E5270B ----
or 4142B -

Input power Active Load Pull
: A,, power
gate  Temperature Idraln AZl h
. . ,; phase
bias control bias

DynaFET characterization performed at various:
(1) DC biases
(2) Input powers
(3) Load Impedances, magnitude and phase
(4) Ambient temperatures
(5) Fundamental frequency + 20 harmonics

KEYSIGHT

TECHNOLOGIES

=

250

200

150

100

50

Dynamic Load-lines
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NVNA waveforms
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Time (ns)

. T . .
0.2 0.4 0.6 0.8 1
Time (ns)



Gallium-Nitride devices, technology and business drivers
GaN model survey

Core model descriptions:
Angelov-GaN, MVSG, ASM-HEMT and DynaFET models

Model parameter extraction

Using large signal measurements for more accurate parameter determination
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Lots of Parameters

_|

ASM_HEMT M

Eguchi_6_6 2018

thom=27.00 eta0=90.08m

tbar= 8.044n vdscale= 5.549

1=0.25u kt1=100.0m

w=100u thesat= 1.000

nf=8 nfactor=772.7m

epsilon=37.31p cdscd= 1.921m

voff=-1.996 gamma0i= 2.120p

u0=932.2m gammai= 3.730p

ua= 1.000p imin=1.000n

ub= 1.000a shmod=

vsat= 105.4K rthO= 12.59

delta= 2.000 cthO=1.000n

at= 54.95m rdsmod= 1.000

ute=-165.3m vsataccs= 122.4K

lambda= 258.8u nsOaccs=4.719E+16
dfp2=100.0n
Ifp2= 1.000u

ktfp2= 50.00m
uOfp2=100.0m
vsatfp2= 100.0K
nfactorfp2= 500.0m
cdscdfp2= 0.000
etaOfp2= 1.000n
vdscalefp2= 10.00
gammaO0fp2= 2.120p
gamma1ifp2= 3.730p
iminfp3= 1.000f
vofffp3=-75.00
dfp3= 150.0n
Ifp3= 1.000u
KEYSIGHT
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nsOaccd= 3.245E+17 krsc= 3.388m

kOaccs= 0.000
kOaccd= 0.000
uOaccs= 218.8m
uOaccd= 2.032
mexpaccs= 2.000
mexpaccd= 2.000
Isg= 1.000u

Idg= 1.600u

rsc= 356.5u

rdc= 2.333m
knsO0= 12.02m
ats=-199.5m
utes=-2.972
uted=-1.064

ktfp3= 50.00m
uO0fp3= 100.0m
vsatfp3= 100.0K

nfactorfp3= 500.0m

cdscdfp3= 0.000
etaOfp3= 1.000n
vdscalefp3= 10.00

gammaO0fp3= 2.120p
gammai1fp3= 3.730p

iminfp4= 1.000f
vofffp4=-100.0
dfp4=200.0n
Ifp4= 1.000u
ktfp4= 50.00m
uOfp4= 100.0m

krdc=2.951m
gatemod= 1.000
njgs= 12.50

njgd= 2.500
igsdio= 2.416
igddio= 11.19
ktgs= 0.000

ktgd= 0.000
trapmod= 0.000
cdlag= 1.000u
rdlag= 1.000MEG
idio=1.000
atrapvoff= 100.0m
btrapvoff= 300.0m

vsatfp4= 100.0K

nfactorfp4= 500.0m
cdscdfp4= 0.000

etaOfp4=1.000n

vdscalefp4= 10.00
gammaO0fp4= 2.120p
gammai1fp4= 3.730p

cgso= 499.8f

cgdo=100e-15 {t}

cdso=214.2f
cgdl= 1.904f
vdsatcv= 100.0
cbdo= 0.000
cbso= 0.000
cbgo= 0.000

atrapeta0= 0.000
btrapeta0= 50.00m
atraprs= 100.0m
btraprs= 600.0m
atraprd= 500.0m
btraprd= 600.0m
rtrap1=1.000
rtrap2= 1.000
ctrap1= 10.00u
ctrap2= 1.000u
a1=100.0m
vofftr= 1.000n
cdscdtr= 1.000f
etaOtr= 1.000f
rontr1=1.000p

cfg= 17.78f
cfd= 27.54f
cfgd= 87.10f

cfgdsm= 1.000E-25
cfgd0= 100.0p

cj0= 16.23f
vbi= 1.377

ktvbi= 0.000
ktcfg= 0.000

ktcfgd= 0.000

mz= 500.0m
aj= 800.0m
dj= 60.00

adosi= 0.000

bdosi= 1.000

rontr2= 100.0f
rontr3= 100.0f
rtrap3= 1.000
ctrap3= 100.0u
vatrap= 10.00
wd= 16.00m
vdIr1=2.000
vdIr2= 20.00
talpha= 1.000
vtb=250.0
deltax= 10.00m
fp1mod= 0.000
fp2mod= 0.000
fp3mod= 0.000
fp4mod= 0.000

gmQOi= 1.000m
adosfp1=0.000
bdosfp1= 1.000
gmOfp1=1.000m
adosfp2= 0.000
bdosfp2= 1.000
gmO0fp2= 1.000m
adosfp3= 0.000
bdosfp3= 1.000
gmO0fp3= 1.000m
adosfp4= 0.000
bdosfp4= 1.000
gmO0fp4= 1.000m
cfp1scale= 0.000
cfp2scale= 0.000

iminfp1=1.000f
vofffp1=-25.00
dfp1=50.00n
Ifp1=1.000u

ktfp1= 50.00m
uOfp1=100.0m
vsatfp1= 100.0K
nfactorfp1= 500.0m
cdscdfp1=0.000
etaOfp1= 1.000n
vdscalefp1= 10.00
gammaOfp1= 2.120p
gammailfp1= 3.730p
iminfp2= 1.000f
vofffp2=-50.00

cfp3scale= 0.000
cfp4scale= 0.000
csubscalei= 0.000
csubscale1= 0.000
csubscale2= 0.000
csubscale3= 0.000
csubscale4= 0.000
rgatemod= 0.000
xgw= 0.000
ngcon= 1.000
rshg= 1.000m
fnmod= 0.000
tnmod= 0.000
noia= 15.00p
noib= 0.000

noic= 0.000
ef=1.000

tnsc= 1.000E+27
gdsmin= 1.000p



High Level Extraction Flow

1) Linear Condition

Plot PEMG_ASM_HEMT_INSIGHT_ExtractDC_Tnom/id

fvg_lin,

idvg_log

T m T o m 7
T T [T TTTm T TTmy

Sop
oog
g
LR}
Gag
LL]
o
a
9a
o

Params:

* VOFF NFACTOR
 UO, UA, UB

Khandelwal, et al, BCICTS, 2018

KEYSIGHT
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2) 1dVg at high Vds

7
m

Plot PEMG_ASM_HEMT_Example_white_background_Extract/DC_Tnom/idvg/idvg_log

T T T T T T T T T

m T 7 m 7 m i i T
52 N & in IS s [ L &
T, T TTT T TTI T T T T Ty T T T I T T T 1

g
TE
s

hehahonns
ssssssssg

Params:

ETAO, CDSCD, VSAT,
VSATACCS

NSOACCS, NSOACCD
VDSCALE, VOFF (again)

3) Full Output Curves

&
=
_—

.m id_s ids
oo — — [E3]

wd_act [E+0]

Params:
 LAMBDA, RSC, RDC
« RTHO, UTE, AT, KT1



High Level Extraction Flow, part 2
e B -

|
iLevel-3 | f ; :
e N e "
e s wiorncepane | | ' Level2 oo ; :
b N : : i Intrinsic 4= Level-1, Drain I
| Gate | i Device | ! : '
Manifold i f 1 Manifold
I aniro | Ze-g I v 7 i [
—~ — I | i : ad
| caliborgtioifilrane caliggtioilerane | ! _:. Core GaN -I— ql —:-.'
Model |i ) |
e = I I
______ _.I__ N i |
e I |
e ‘ ZE i i
Probs-ip i refe':;%?::-g?ane —> | y I |
referen lan :
| eference plane LH.LH | -_-I. ----------- [
A A I
Gate-manifold Drain-manifold ]
ate-manifo ain-manifo SDUFCE "
vias I

Nonlinear Circuit Simulation and Modeling,
Cambridge University press

Khandelwal, et al, BCICTS, 2018
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IC-CAP — DUTS/Setups/Transforms

DUTs-Setups Circuit Maodel Parameters Model Variables Macros

Select DUT/Setup

_Win_pHEMT_50D04C0O75M ~ _ _ : .
Measure [ Simulate Instrument Options Setup Variables Extract / Optimize Plots
INITIALIZE .
Execute Select Transform: Function Programa —
S Help_Mdig
CONTACT_RESISTANCES e 1 9 l-——define here which individual Plots (*no* Mu a
- Tune Slow... VERIFY_SETTINGS 10 Plots = "id vg, logid vg, gm vg, !loggm vg
( RG_RD RS ) - 11 ! Cholces: Enter a comm
Functions... — 12 ; [ -1 =
Mdlg_ VOFF_NFACTOR - : you can als
v DC_MODELING Mdlg__UO_UA_UB - ' SO een e
ig_vgs_Input Mdig Al 14 but not as
id_vgs_ Transfer__lin -~ Import Text... Whats Next o : -setting Flo SetUpS
d Transf e — - le Parameters = "MAIN.VOFF, MAIN.NFACTOR"
!_Vgs_ ranster View... 2 17 ! Choices: Enter a comm
id_vds_Output Rename... __aux 18 ! You can prec
DC_MODELING_LSYNC gm 19 ! When linking
DC_PULSED Store Par gm2 20 ! When linking A
DC_ModelRobustness 21 ! —Parameters
Recal Par 22 ! Transforms
SPAR_MODELING Undo Optim 3 ! —Parameters
SPAR_MODELING_LSYNC 24
25 ! —Parameters =
NONLIN_RF_MDLG z: Comment = "In Plot LOG id(wvg), fit
\_ Yy, 27 ->» VOFF: cut-off wvoltage
28 —-> NFACTOR: sub-VOFF slope parameter [default
FINISH_MDLG h 29 Ignore the above-VOFF fit (will be done in the
< > 30 ! The Comment will be 4 ¥
< >
Add... Rename...
Detach... Organize...
Active Setup: | fASM_HEMT_MODELING/DC_MODELING/id_vgs__Transfer__lin Status:
KEYSIGHT
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IC-CAP - Transforms

Extraction
Tuning
Optimization

Choose plots + relevant parameters

KEYSIGHT
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Measure [ Simulate Instrument Options
Plot Finder:
— |gm_vg
loggm_vg
——— |gm2_vg
loggm_logid
vd_vg
_MP_DataVerif_
_Pseudo_id_vds_
idvg_Fit_Quality
T_Device

RF GaN Modeling Webinar

Setup var;\ Extract / Optimize  Flots

LINEAR
LINEAR
LINEAR

Vg

8
idM |

|

|

|

|

|

|

|
m(\fﬂ )
_LINEAR |
_LINEAR |
|

Plot:

ogid_vg
XY GRAPH

o

-III-I----EEEEII
w

G id(vg

S

LINEAR
LOG10
LINEAR

and which Par a

a GUI to

Measure [ Simulate Instrument Options Setup Variables Extract / Optimize Plots
Select Transform: Function
Tune ot |10
1 9 !———define here which individual Plots (*no* MultiPlots!)

Tune Slow... VERIFY _SETTINGS 10 Plots id vg, gm vg, loggm vg, !loggm logid, gm2 vg, !
L 11 hoices: Enter a comma-blanc separated list o

HAEHonS.-- Mdlg_ VOFF 12 ! —-you can also include Plots of other
e — L | B i 1
Mdlg_above VOFF 13 ! you can preceed plot name§ with a !

14 ! but not as currently active target

Import Text... Mdlg_All 15 ] i e et e i
: e e e 1lé| Parameters = "MAIN\TAD, MATN.VDSCALE, IN.CDSCD, !'MAIN.VOEFE"™




Eile Options Optimizer Plots Windows Help

1. Fit RD to the lin. range of Plot id-vd (typ. value ~1m)

Tune Fast

- x

0K, Done !
Cancel
Help Using This GUI

TUNE/OPTIMIZE PARAMS

Model Param History
0 =

Show MdIParam. Evolution

Select Parameters

MAIN.RSC
MAIN.RDC
MAIN.UO
MAIN.UA
MAIN.UTE

MAIN.RTHO
Add Del Restore

Select Param. Group

DC_GateCurrent
DC_idvg_lin
Ne idvn cat

Select Plots

id_vg

logid_vg

gm_vg

gm2_va
_Pseudo_id_vds_
loggm_vg
loggm_logid
ig_vg

T Device

-/id_vds_ Output/id_vd

2. Set RS to ~1/2*RD Optimize Opt.Type: Levenb-Marqu
Plots id-vg and id-vd . :
3. Optimize RS, U0, UA, UTE, RTHO (keep low value, verify by Plot T_Device) Simul. PO Plots Undo Tune/Opt. | OptErr.: Rel
B e e e P Area Tools On Reset Plot Colors LSYNC Values
id(vd)
100 b |
| | | | i | [ | | ‘ | | | | | |
i ] S — . e e " = . S —
[
Adjust Sliders X
T4 — i - = g s - = i - "
o MAIN.RSC =t
= ” e | ¥ [zowm]
[ 6.597u |
MAIN.RDC
=) = = =) =) =) £ = = |62'94u oL l-l [ | |2m{
. _ [314.7u |
MAIN.UO
5 22 T RN EY
. [3721m |
v! o =
° ‘ = " o = = = 2 = - = MAIN.UA
hed + 40 . | 61.58n |
MAIN.UTE
: o———a A== [-3.207 |
i e —B
2 MAIN.RTHO
(1506 | | ' . ,-3?3.9
[ 75.78 | ' 4
. i - I - —
o e e}
—— = 7 oK Cancel | | Help
& - g o
H . : . = - = — = i
i | | I | l i | | | |
1 2 3 4 5
wi [E+0]

PlotASM_HEMT MODELING/DC_MODELINGfid_vds__ Output/id_vd

Add Del Restore

Edit Parent Xfm
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Gallium-Nitride devices, technology and business drivers
GaN model survey

Core model descriptions:
Angelov-GaN, MVSG, ASM-HEMT and DynaFET models

Model parameter extraction

Using large signal measurements for more accurate
parameter determination
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Conventional Device Modeling Flow

Vector Network Analyzer

ey

L Ll [

000000000

v QRARAR

Source Measurement Unit

KEYSIGHT
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File ©Options Optimizer Ploks  ‘Windows  Help

=10 x]

Plot GF_NPN_MigavigatorsSpar_malgibbistt 7]

deernbm 11 S_deemb .11

5

freg

Plot GP_HPM_hidigNavigator/Spar_mdlg/ibbis2i E‘

deembm.22 S _deemb.s.22

5.

Plot GF_NPN_Migavigatorsspar_malginbiszt 7]

PO
Tl 1 [=
~ E

E BD: T T T

E 205‘, =
- T0F T
z| of

[ E . ;

e L) S
S| 20F E
E E el 7 3
= 4 -30k 1 1 i 1 =
§| 30 20 <10 0 10 20 30
! REAL [E+0]

Plot GP_NPM_hidigMavigator/Spar_mdlg/bbis 13 E‘

20 —r T o
Fo .1 [®
[ 1 01 TE

=]
T
1

§_deembm 12 §_deemb.z.12 IMAG [E3]

zobe s el
20 10 1] o 20
REAL [E-3]

CPGS

Source: Jianjun Xu and David Root, Keysight
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Compact Model Optimization/Investigation

CASE STUDY: ASM-HEMT EXTRACTION

 Classic ASM-HEMT Extraction using
DC-1V and S-parameter data
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KEYSIGHT

TECHNOLOGIES

GT (dB)

S[1,1]=fg(Load1L)

Id (mA)

Transducer Power Gain

Fundamental and harmonics
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Use Large Signal Data to Improve Model Parameters — Cgdo

Transducer Power Gain Transducer Power Gain
g 10- AD
9__ %W%e%%%w&%,%
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= 'l —_
S ] 3
- <] “1& Cgdo: -
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4 \
A !
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Base model card After

Cgdo =90 fF

Transducer power gain (GT) is now well modeled at low Pout

How about deep compression? (Pout > 25 dBm)
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Model Parameter Improvement — Self-Heating

Transducer Power Gain Transducer Power Gain
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« UTES=-2.97
Transducer power gain (GT) is now well modeled over Pout * etc.
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Dynamic Load

Lines vs Pout

Dynamic Load Line
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RF GaN Modeling Webinar
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To Recap...

« GaN technologies will grow.
 RF GaN modeling is challenging but extremely important.

« Easy to get this wrong — measurements, de-embedding, transformations, fitting, etc.

 Fortunately, we can help.

—Let’'s work together to enable better 15t pass design success! S _
Coming in spring 2019:
RF GaN extraction flows

keysight.com/find/eesof-iccap Q%/I\gclgl EMT

keysight.com/find/eesof-innovations-in-eda

For early access, contact:

Raj_Sodhi@Keysight.com
\

keysight.com/find/free trials
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